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[Objective]: Sex determination from fragmentary remains is one of the most important tasks of a forensic
expert. Since several studies have demonstrated that discriminant function equations used to determine
the sex of a skeleton are population specific, the purpose of the present study was to determine whether
the piriform aperture is a useful criterion for sex determination in fragmented skulls and derive an equa-
tion for the dimensions of the piriform aperture.
[Subjects & Methods]: 3D-MSCT was done to 250 patients with non-rhinologic problems (150 male & 100
female). The maximal length (height), maximal width and area of piriform aperture were measured to
demonstrate the difference according to sex. Data were analyzed by SPSS version 16. Results: all mea-
surements showed significant sexual differences. The maximal width showed the highest percentage
of accuracy in sex determination followed by maximal length and area. The percentage of accuracy of
maximal width was 86.2% in females and 64.5% in males.
[Conclusion]: Finally, it is concluded that the dimensions of the piriform aperture can be used as a useful
tool for sex determination.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Sex identification using human skeletal parts is of paramount
importance not only for the archeologically- oriented anthropolo-
gist, but also in forensic medicine and above all in the identifica-
tion of individuals.1 There are many studies that have
investigated the use of parts of human skulls in sex determina-
tion.2 The nasal bone is an important structure, which determines
the shape of nose, and is the most common fracture site in the
face.3 Accordingly, in cases of nasal bone fractures, sex determina-
tion will be difficult due to alterations in the anticipated measured
parameters of the nasal bone.4
The piriform aperture (PA) is the skeletal aperture located in the
middle part of the face and limited by the frontal processes of the
maxillary bones, the nasal bones, and the anterior nasal spine. Itcorresponds to the anterior limit of the skeletal nose, and a major
component of the size of the nose.5,6
PA is one of the upper respiratory passages, involved in warm-
ing, filtration and moistening of the incoming air.3 In addition to
forensic implications, the knowledge of PA and nasal bones varia-
tions is fundamentally significant in Anthropology and
Otolaryngology.7
Forensic anthropologists frequently employ morphologic and
metric methods for sex identification of human remains. The use
of imaging techniques in forensic anthropology research has facil-
itated to derive as well as revise the available population.8
Advances in technologies such as Computed Tomography (CT)
Scanning, Magnetic Resonance Imaging (MRI), computer based
anthropometry and biochemical analyses are answering questions
that could not have been answered 10 years ago, and are signifi-
cantly improving the accuracy of skeletal analyses especially in
sex identification.9
The use of multi-slice computed tomography (MSCT) is an
effective technique in forensic identification. The potential benefits
of the CT scan include: facilitation of the identification of unknown
deceased individuals, avoidance of time consuming maceration
procedures, non-invasive nature of the procedure, and availability
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populations.10
Discriminant function analysis has become important in foren-
sic anthropology. If a measurement on a bone is suspected to be
sexually dimorphic, discriminant function analysis can be done.11
To our knowledge, after serving all available search engines, there
is no single study that could determine sex in Egyptian population
from PA dimensions; therefore, the aim of this study was to deter-
mine whether PA and its dimensions constitute a useful tool for sex
identification by three dimensional facial CT scan in Egyptian pop-
ulation sample.Figure 1. Photograph of 3D-MSCT of Piriform Aperture (PA) shows maximal length
of PA (1), and maximal width (2).
Figure 2. Photograph of 3D-MSCT of Piriform Aperture (PA) shows area of PA (1).2. Subjects and methods
2.1. Subjects
Two hundred and fifty Egyptian patients in Minia Governorate
(It is a city that’s located in Northern Upper Egypt) who needed
high resolution CT for non- rhinologic problems e.g. stroke, pul-
monary embolism or exploration of laryngeal carcinomas were
included in this study. Imaging studies were done as a part of clin-
ical work; all subjects recruited for this study have signed a full
informed consent about the nature of the research. This study
has been approved by the human ethical committee council of
our university. All the work performed in this study has been car-
ried out in accordance to the code of ethics of the world medical
association (declaration of Helsinki). There was no age limit to be
excluded in this study
One hundred and fifty males (age range: 19–78 year) and one
hundred females (age range 21:65 year) were included in this
study. Patients with deviated nasal septum, nasal congenital
anomalies, nasal trauma or previous surgical operation of the nasal
region and nasal tumors were excluded from the study.
2.2. CT protocol
All patients underwent MSCT using 16-slice multi-detector
computed tomography (MDCT) machine (GE bright speed, GE
healthcare, Waukesha, WI, USA) with the same examination proto-
col using 64  0.5 mm Collimation Scanner with a gantry rotation
speed of 400 ms/rotation, range of box 450–500, image thickness
0.5 mm, standard pitch factor of 0.641, reconstruction interval
0.5 mm and a total exposure time 6.949. Each scan was obtained
with a tube voltage of 120KV and 250mAs. Images were trans-
ferred to a separate advanced workstation (General electric,
Advantage Workstation 4.4) with commercially available software
(Microsoft Excel v. 12.0 software) beside the main apparatus that
allows measurements.
2.3. Measurements
Axial cuts were taken on the face and then reconstructed coro-
nal and sagittal images were generated as well as 3D reformatted
images.
1. Maximal length (height) of PA was measured from the rhinion
superiorly to the nasal spine inferiorly in millimeters (mm)
(Fig. 1).
2. Maximal width of PA was measured as the widest distance
between the right and left lateral piriform boundaries in mil-
limeters (mm) (Fig. 1).
3. 3-Area of nasal aperture was measured by drawing a continu-
ous ellipse line beginning from the rhinion and encircles the
aperture to end into the rhinion and reflected in square mil-
limeters (mm2). The outline of PA was traced manually thenPlease cite this article in press as: Abdelaleem S.A., et al.. Egypt J Forensic Scithe measure was driven automatically (Fig. 2). This measure
was taken at the same level of measuring the length and the
width of PA on the 3D image.
2.4. Statistical analysis
The data were analyzed using SPSS statistical package version
20. All measurements were repeated on 20 (10 males & 10 females)
to assess the inter & intraobserver error & repeatability. The
repeatability of the technique was evaluated using the concor-
dance correlation coefficient of reproducibility. Means and stan-
dard deviations were obtained for each measurement. After using
a student -t test to establish that a significance difference exists
(P 6 0.05) between the male and female measurements, discrimi-
nant function analysis was performed. From these analyses, coeffi-
cients and constants were obtained for derivation of discriminant
function scores & equations.3. Results
The results of repeatability test showed that the range of values
for the concordance correlation coefficient of reproducibility
obtained in this study fell within the international standard of
0.90–0.99, as suggested by Cameron12 (Table 1). This indicates that
the measuring technique in this study was satisfactory.(2016), http://dx.doi.org/10.1016/j.ejfs.2016.11.003
Table 1
Concordance correlation coefficient of reproducibility
(Pc).
Variables Pc
PA Length 0.97
PA Width 0.98
PA Area 0.95
PA: piriform aperture.
Table 2
Descriptive statistics of the measured variables of piriform aperture (PA).
Males
(n = 150)
Females
(n = 100)
P value
PA Length 0.006⁄
Range (25.8–52.2) (22–50)
Mean ± SD 38.24 ± 7.82 35.12 ± 6.05
PA Width <0.001⁄
Range (22.7–45.3) (21.2–28.1)
Mean ± SD 30.53 ± 6.68 27.08 ± 2.88
PA Area <0.001⁄
Range (269.5–650) (228.2–471.8)
Mean ± SD 432.96 ± 113.61 319.72 ± 81.25
Length and width were measured in mm and area was measured in mm2. ⁄ P value
is significant when P < 0.5.
n = number SD = standard deviation.
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sented with significantly greater (P < 0.01) mean values than
females (Table 2), this indicates the presence of significant sexual
dimorphism in all measurements of the PA (Figs. 3 and 4)
From discriminant function analyses, the maximal width
showed the highest percentage of accuracy in sex determination
followed by maximal length & area. The percentage of accuracy
of maximal width in univariate and stepwise analysis was 86.2%
in females and 64.5% in males (Table 3 and 5). By multivariate dis-
criminant analysis, the percentage of accuracy of maximal width
was 75.9% in females & 61.3% in males (Table 4).Figure 3. Female patient 48-year old her piriform aperature measures 29.5
Please cite this article in press as: Abdelaleem S.A., et al.. Egypt J Forensic SciFinally, univariate discriminant function score (df) of any mea-
surement = (measurement of the bone  coefficient) + constant
(Table 3).
From multivariate discriminant function analysis: df score =
(measurement 1  coefficient) + (measurement 2  coefficient)
+ (measurement 3  coefficient) + constant (Table 4).
From stepwise discriminant function analysis, we use the only
variable with the highest percentage of accuracy in univariate &
stepwise discriminant function analysis. And so, df score =
(width  coefficient) + constant (Table 5).
In all analyses, if df score <sectioning point, the individual is
considered female & if df score Psectioning point, the individual
is considered male.4. Discussion
Anthropology is used to obtain measurements of anatomical
structures in order to assist in identifying the age, stature and
sex related to individual or ethnic group.13,14 In the human identi-
fication, especially in sex determination of isolated bones or com-
plete skeleton, the process of analysis becomes increasingly
complex.15 The features of the piriform aperture have been
reported as classic indicator of sexual differentiation.16 Rogers17
affirmed that the area of PA is an indicator for sex identification.
Craniofacial reconstruction is a very important issue in Forensic
& Legal Medicine in cases, where, there is no other means is avail-
able for identification. Several Parameters e.g. width of mouth, pro-
jection of eye ball, length and width of PA can be used if facial
reconstruction could be done.18
Currently, CT is the gold standard in diagnosis of nasal cavity;
thus it can be applied successfully as a tool for assessing anatom-
ical structures.19,20 In the forensic and archaeological context,
one of the methods utilized for sex determination of skeletal
remains is discriminant function analysis. The use of discriminant
function equations to sex unidentified skeletal remains is now a
frequent practice.21,22
MSCT was done to all selected patients in this study. Maximal
length maximal width and area of PA were measured. Althoughmm in length and 25.7 mm in width with aperature area 336.26 mm2.
(2016), http://dx.doi.org/10.1016/j.ejfs.2016.11.003
Figure 4. Male patient 53-year old his piriform aperature measures 33.8 mm in
length and 26.9 mm in width with aperture area 362.12 mm2.
4 S.A. Abdelaleem et al. / Egyptian Journal of Forensic Sciences xxx (2016) xxx–xxxthe technique of this study was consistant with the technique of
Lee et al.23, Hommerich & Riegel24 and Eric et al.25 but it differed
from the technique of Cantin et al16 and Tae et al.5 Those authors
evaluated the width and height of PA in dry skulls using sliding
caliper. In additionthe technique of the present study differs from
the technique of Prado et al14 and Hwang et al.26 Their study
revealed that X-ray was used to measure the height and width of
PATable 3
Univariate discriminant function analysis of the measured variables of piriform aperture (
Constant Coefficient Sectioni
PA Length 7.683 0.235 0.025
PA Width 7.582 0.281 0.039
PA Area 3.808 0.010 0.038
Discriminant score = (Measurement  Coefficient) + Constant.
If Psectioning point = (male).
If <sectioning point = (female).
Table 4
Multivariate discriminant analysis of the measured variables of PA.
Constant Coefficient Sectioni
PA Length 4.232 0.085 0.043
PA Width 0.140
PA Area 0.009
PA: piriform aperture. Discriminant score = (Measurement 1  Coefficient 1) + (Measure
If Psectioning point = (male).
If <sectioning point = (female).
Table 5
Stepwise discriminant function analysis of the measured variables of PA.
Constant Coefficient Sectioni
PA Width 7.582 0.281 0.039
Stepwise discriminant analysis revealed one model for sex prediction which is the widt
Discriminant score = (width  0.281) + (7.582).
If Psectioning point = (male).
If <sectioning point = (female).
Please cite this article in press as: Abdelaleem S.A., et al.. Egypt J Forensic SciDespite the findings postulated by Bryan and Chin27 that certain
areas of the facial skeleton undergo resorption with aging. These
areas include the midface skeleton (as PA and the superomedial
aspects of orbital rim). Bony resorption is particularly active in
the inferior aspect of PA leading to increase in length, width and
vertical dimensions of PA. We have not studied the effect of age
on PA that is why there was no age limit to be excluded in this
study.
The results of the present study revealed that males showed
highly significant superiorly to females regarding height, width
and area of PA in Egyptian population sample. The mean height,
width & area were 38.24 mm, 30.53 mm, and 432.96 mm2 respec-
tively in males and 35.12mm, 27.08mm and 319.72 mm2 respec-
tively in females.
The significant sexual differences between males & females
measurements in this study cope with the previous studies in
the literature.5,14,16,23–26,28 Our values about the length & width
of PA were significantly higher than the previous studies in this
study5,23–26,28 In the study of Prado et al.,14 all measured parame-
ters of PA were higher than those in our study except for the area
of PA which was significantly low. The study of Cantin et al.16
revealed that the height of PA was significantly higher than that
of the present study, while the mean width was significantly low
(Tables 5 and 6).
Hwang & Kang29 suggested that the dimensions of PA and the
type of nasal bone are directly affected by heat and humidity of
the air breathed by the people. For this reason, it is believed that
the dimensions of PA and the shape of the nasal bone are adapted
to the environmental and geographical variations.
There are many variations in nasal bone shape among the dif-
ferent population e.g. the nose is much broader with thickenedPA).
ng point Accuracy (%)
In males In females Total
67.7 75.9 71.8
64.5 86.2 75.4
64.5 62.1 63.3
ng point Accuracy (%)
In males In females Total
61.3 75.9 68.3
ment 2  Coefficient 2) + (Measurement 3  Coefficient 3) + Constant.
ng point Accuracy (%)
In males In females Total
64.5 86.2 75.4
h.
(2016), http://dx.doi.org/10.1016/j.ejfs.2016.11.003
Table 6
Comparison of mean PA dimensions with previous studies [5, 14, 16, 23–26, 28].
Max. length Max. width Area
Male Female Male Female Male Female
Tae et al. [5] 30.1 28 25.7 25.4 Not measured
Prado et al. [14] 50 45 35 30 115 100
Cantin et al. [16] 50 47 17.60 17.20 Not measured
Lee et al. [23] Not measured 24.34 22.82 Not measured
Hommerich & Riegel [24] Not measured 26 25 Not measured
Eric et al. [25] 36.35 32.54 25.32 24 Not measured
Hwang et al. [26] 30.1 28 25.7 25.4 Not measured
Erdem et al. [28] Not measured 21.9 21 Not measured
Present study 38.24 35.12 30.53 27.08 432.96 319.72
S.A. Abdelaleem et al. / Egyptian Journal of Forensic Sciences xxx (2016) xxx–xxx 5upper nasal region in East Asians. It is longer and more prominent
in Middle Eastern and Southern European populations. Most Egyp-
tian skulls are typically North African Caucasians. The shape of
nose in them is broad and lack of a sharp lower border. It is there-
fore necessary that in cases of unidentified skeletal remains, the
ancestry should be estimated30
5. Conclusion & Recommendations
This study has shown that the dimensions of PA in the popula-
tion of Minia Governorate in Egypt are sexually dimorphic. The
maximal width showed the highest percentage of accuracy in sex
determination. It was 86.2% in females & 64.5% in males by univari-
ate & stepwise discriminant function analysis. The measurements
of PA can be an anatomical landmark used for ethnic differentia-
tion in human identification and provide information for surgical
procedures and nasal reconstruction in otolaryngology. So, it is rec-
ommended that the equation derived from this study should be
used with caution in cases when the nasal region of skull is avail-
able & intact for determination of sex.
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